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,QWURGXFWLRQ
5HVHDUFKDVZHOODVSUDFWLFDOSUREOHPVFRQFHUQLQJWKHLVVXHVUHODWHGWRWKHSURSHUPDLQWHQDQFHDQGHQVXUHRIVDIH
H[SORLWDWLRQRIKLVWRULFEXLOGLQJVDUHZLWKRXWDGRXEWOLQNHGWRWKHSURFHVVHVRIWKHGLDJQRVLVRIWKHLUWHFKQLFDOVWDWH
DQGIXUWKHUVHOHFWLRQRIUHSDLUDQGVWUHQJWKHQLQJPHWKRGVLQFDVHRIWKHIRUPDWLRQRIGDPDJHVRUQDWXUDOO\UHVXOWLQJ
WHFKQLFDOZHDU:KDWLVPRUHLIDEXLOGLQJKDVKLVWRULFYDOXHDQGLVOLVWHGDVDODZSURWHFWHGPRQXPHQWDOVRQXPHURXV
DVSHFWVUHODWHGWR WKHFRQVHUYDWRU\UHTXLUHPHQWVPXVWEHWDNHQLQWRDFFRXQWGXULQJWKHUHIXUELVKPHQWSURFHVV$OO
WKHVHSUREOHPVFDQFRQFHUQQRWRQO\YHU\ROGEXLOGLQJVEXWDOVRTXLWHQHZVWUXFWXUHVZKLFKDOUHDG\FDQEHFRQVLGHUHG
DVKLVWRULFDORQHVGXHWRWKHLUXQLTXHQHVVRUKLVWRULFDOLQQRYDWLRQ
&RQFUHWHDVDEXLOGLQJPDWHULDOZDVLQWURGXFHGLQRXUPRGHUQOLIHLQWKHPLGQLQHWHHQWKFHQWXU\ZKHQLWVWDUWHGWR
EHXVHGIRUWKHFRQVWUXFWLRQRIPDVVLYHK\GURWHFKQLFDODQGPLOLWDU\VWUXFWXUHV+RZHYHURQO\WKHEHJLQQLQJRIWKH
WZHQWLHWKFHQWXU\EURXJKWWKHGHYHORSPHQWRIWKHFRQVWUXFWLRQRIPDQ\UHYROXWLRQDU\UHLQIRUFHGFRQFUHWHHQJLQHHULQJ
VWUXFWXUHVWKDWLQSUHYLRXV\HDUVZHUHLPSRVVLEOHWREXLOGHJ>@>@>@>@,QWKRVHGD\V¶FRQFUHWHZDVFRQVLGHUHG
WREHDQH[WUHPHO\GXUDEOHPDWHULDODQGVWUXFWXUHVPDGHRILWZHUHFRQVLGHUHGWREHIUHHIURPWKHQHHGRIPDLQWHQDQFH
DQGZLWKQRQHHGWREHSURWHFWHGDJDLQVWSRVVLEOHHQYLURQPHQWDOLQIOXHQFHVGXULQJWKHLURSHUDWLRQDOOLIH7KLVZDVGXH
WRWKHODFNRIH[SHULHQFHLQWKHXVHRIVWUXFWXUHVPDGHRIFRQFUHWHDVZHOODVWKHODFNRINQRZOHGJHRIWKHGLIIHUHQW
HQYLURQPHQWDO LPSDFWV WKDW FDQ GHVWUR\ WKLV PDWHULDO 2QO\ IURP WKH PLGWZHQWLHWK FHQWXU\ WKHUH KDV EHHQ WKH
GHYHORSPHQWRIPHWKRGVDQGWHFKQLTXHVDSSOLHGWRXQGHUVWDQGWKHGXUDELOLW\RIFRQFUHWHDQGUHLQIRUFHGFRQFUHWHDQG
HYROXWLRQRIUHODWHGPHWKRGVRIGLDJQRVLVDQGUHSDLUHJ>@
2QHH[WUHPHO\LPSRUWDQWHOHPHQWQHFHVVDU\IRUDSURSHUGLDJQRVLVRIWKHWHFKQLFDOFRQGLWLRQRIKLVWRULFEXLOGLQJV
LVLPSOHPHQWLQJRIWKHDUFKLWHFWXUDODQGVWUXFWXUDOKLVWRULFDODQDO\VLVRIWKHLUIRUPHUVHUYLFHOLIH6XFKDQDQDO\VLVLV
DOVRUHTXLUHGIRUWKHDGHTXDWHGHVLJQRIWKHSURFHVVRIWKHLUUHIXUELVKPHQWDQGPDLQWHQDQFHDVZHOODVIRUWKHDFWLRQV
DVVRFLDWHGZLWKWKHSURORQJLQJWKHLUVHUYLFHDELOLW\7KLVDQDO\VLVVKRXOGWDNHLQWRFRQVLGHUDWLRQDPRQJRWKHUV WKH
IROORZLQJHOHPHQWVRIWKHGHVLJQDQGFRQVWUXFWLRQSURFHVVRIKLVWRULFDOEXLOGLQJVDUFKLWHFWXUDOGHVLJQDQGFDOFXODWLRQ
PHWKRGVRIVWUXFWXUDODQDO\VLVGLPHQVLRQLQJPHWKRGVRIVWUXFWXUDOFRPSRQHQWVPDGHIURPLURQVWHHOFRQFUHWHWLPEHU
RU PDVRQU\ SURSHUWLHV RI EXLOGLQJ PDWHULDOV DQG WHFKQRORJLHV RI WKHLU SURGXFWLRQ DQG DOVR WKH WHFKQRORJ\ RI
FRQVWUXFWLRQLQFOXGLQJWKHTXDOLW\RIZRUNPDQVKLSHJ>@>@:KDWLVPRUHVXFKDFWLYLWLHVVKRXOGEHWDNHQQRW
RQO\IURPWKHSRLQWRIYLHZRIWKHDUFKLWHFWXUDODQGFRQVHUYDWLRQDOUHTXLUHPHQWVEXWDOVRWRJDLQNQRZOHGJHRIDSSOLHG
KLVWRULFVWUXFWXUDOGHVLJQVROXWLRQVDQGWHFKQLTXHVWKDW LQIOXHQFHWKHVDIHW\RIROGVWUXFWXUHVZRUNLQJLQQRZDGD\V
HQYLURQPHQWDODQGRSHUDWLRQDOFRQGLWLRQV6XFKUHVHDUFKVXSSRUWHGRIFRXUVHE\WKHXVHRIWKHPRGHUQPDWHULDOWHVWLQJ
PHWKRGVDQGFRPSXWHUDLGHGQXPHULFDOVLPXODWLRQVDOORZVDPRUHFRPSOHWHDQGDGHTXDWHXQGHUVWDQGLQJRIDQDO\]HG
KLVWRULFDOVWUXFWXUHV,WDOVRSURYLGHVDSRVVLELOLW\WRXVHWKHEHVWWHFKQLFDOVROXWLRQVLQWKHEURDGO\GHILQHGDFWLRQVZLWK
DQDLPWRSURORQJWKHVHUYLFHOLIHRIKHULWDJHVWUXFWXUHV
6HOHFWHGHOHPHQWVRIWKHFRQVWUXFWLRQKLVWRU\RQH[DPSOHRIWKHPDUNHWKDOO5&VWUXFWXUH
2.1. Architectural and constructional design aspects 
7KHDUFKLWHFWXUDOGHVLJQRIWKHFRQVLGHUHGKLVWRULFDOPDUNHWKDOOEXLOGLQJRQ3LDVNRZD6WUHHWLQ:URFáDZZDVPDGH
LQWKH\HDUVE\WKHFLW\DUFKLWHFW5LFKDUG3OGHPDQQ>@7KHFRQFHSWXDOGHVLJQRIWKHKDOOZDVH[HFXWHG
EHWZHHQ  E\ WKH FLW\ EXLOGLQJ LQVSHFWRU 5LFKDUG )ULHVH >@ DQG FRQVLGHUHG D FRQVWUXFWLRQ RI WKH VWHHO
VWUXFWXUHLQWKHDERYHJURXQGSDUWEDVHGRQWKHUHLQIRUFHGFRQFUHWHIRXQGDWLRQ+RZHYHULQGXULQJWKHH[HFXWLRQ
RIIRXQGDWLRQZRUNVDGHFLVLRQWRUHSODFHWKHDERYHJURXQGVWHHOVWUXFWXUHZLWKWKHUHLQIRUFHGRQH)LJZDVWDNHQ
DWWKHUHTXHVWRIWKHGHVLJQHQJLQHHU+DQV.VWHU>@>@>@
7KLVFRQFHSWZDVSXWIRUZDUGDIWHUDQDO\VLQJDYDULHW\RIGHVLJQVROXWLRQVRIGLIIHUHQWPDUNHWKDOOEXLOGLQJVH[LVWLQJ
DWWKHWLPHEXWPRVWRIDOOGXHWRWKHSURSHUWLHVRIFRQFUHWHVWUXFWXUHVVXFKDVGXUDELOLW\ILUHUHVLVWDQFHDQGQRQHHG
RIPDLQWHQDQFHZKLFKWKLVPDWHULDOZDVH[SHFWHGWRJUDQW$QLPSRUWDQWIDFWRUWKDWDOVRLQIOXHQFHGVXFKDGHFLVLRQ
ZHUHDQWLFLSDWHGHFRQRPLFDOVDYLQJVLQWKHFRVWRIWKHFRQVWUXFWLRQLQFOXGLQJWKRVHDULVLQJIURPWKHORZHUFRVWVRI
PDLQWDLQLQJFRQFUHWHVWUXFWXUHVFRPSDULQJZLWKVWHHORQHV)LQDOO\WKHEXLOGLQJ)LJZLWKDKRUL]RQWDOSURMHFWLRQ
VLPLODU WR D UHFWDQJOHZLWK D WRWDO OHQJWK RI P DQG DZLGWK IURP P WR PZDV GHVLJQHG DQG
FRQVWUXFWHGDVDIXOO\FRQFUHWHRQHLQ>@
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
)LJXUH&URVVVHFWLRQRIWKHPDUNHWKDOOPDLQQDYH±5&VWUXFWXUH>@

7KHPDLQORDGEHDULQJVWUXFWXUHFRQVLVWVRISDUDEROLFDUFKHVPDGHRIUHLQIRUFHGFRQFUHWH)LJV	ZLWKD
WRWDOKHLJKWRIPHWHUVVSDFHGHYHU\P7KHVHDUFKHVDUHFRQQHFWHGRQWZROHYHOVE\FDVWHOODWHGUHLQIRUFHG
FRQFUHWH EHDPV )LJ  6PDOOHU EXW YHU\ VLPLODU DUFKHV ZHUH GHVLJQHG LQ WKUHH WUDQVYHUVH DLVOHV ,Q DGGLWLRQ
VWLIIHQLQJRIWKHRYHUDOOVWUXFWXUHZDVDVVXUHGE\WKHUHLQIRUFHGFRQFUHWHJDOOHU\ORFDWHGDWWKHILUVWIORRUOHYHODQG
H[WHQGLQJDURXQGWKHHQWLUHKDOO7KHURRIZDVPDGHRISUHIDEULFDWHGUHLQIRUFHGFRQFUHWHVODEV)LJZLWKFRUNDV
WKHUPDOLQVXODWLRQDQGFRYHUHGE\FHUDPLFWLOHV'XHWRWKHKLJKJURXQGZDWHUOHYHOVLWXDWHGDERYHWKHERWWRPRIWKH
EDVHPHQWWKHIRXQGDWLRQKDVEHHQIRUPHGDVDUHLQIRUFHGFRQFUHWHVODEKDYLQJDWKLFNQHVVRIFPPRQROLWKLFDOO\
FRQQHFWHGWRWKHZDOOVRIWKHEDVHPHQW$VDUHVXOWRIVXFKDVROXWLRQWKHVHHOHPHQWVFUHDWHGDZDWHUSURRIEDVLQZLWKRXW
GLODWDWLRQ,WVWLJKWQHVVZDVDVVXUHGE\LQVXODWLRQRIERQGHGOD\HUVPDGHRIIHOWDQGDVSKDOWGHULYHGFPDERYH
WKHPD[LPXPOHYHORIWKHJURXQGZDWHU

)LJXUH9LHZRIWKHPDLQVWUXFWXUDODUFKHV )LJXUH9LHZRIWKHFDVWHOODWHGVWLIIHQLQJEHDPV
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2.2. Aspects of the static model 
)URPWKHSRLQWRIYLHZRIVWUXFWXUDODQDO\VLVUHLQIRUFHGFRQFUHWHPDLQDUFKHVZHUHPRGHOOHGDV'ELDUWLFXODWHG
RQHV 7KH FDOFXODWLRQV RI WKH LQWHUQDO IRUFHV ZHUH PDGH JUDSKLFDOO\ )LJ  IRU HYHU\ FRQVLGHUHG ORDG VFKHPH
LQFOXGLQJWKHLQIOXHQFHRIWHPSHUDWXUHFKDQJHV7KHDSSOLHGJUDSKLFVROXWLRQPDGHLWSRVVLEOHWRGHWHUPLQHWKHSRVLWLRQ
RIWKHVWUXFWXUDOFRQQHFWLRQVVRWKDWLWZDVJUDQWHGWRFHQWUHYHUWLFDOORDGVRQWKHSLOODUVDQGZDOOVRIWKHEDVHPHQW
>@$UFKLYDOWHFKQLFDOGRFXPHQWDWLRQ>@VXPPDUL]HVWKHORDGVDQGWKHLUORFDWLRQZKLFKDOORZVWRSHUIRUPWKHLU
YHULILFDWLRQLQWKHFDVHRIWKHDQDO\VLVIRUWKHFXUUHQWVWDWHRIORDGV

)LJXUH*UDSKLFDOFDOFXODWLRQVRIWKH5&VPDOODUFK
>@
)LJXUH5HEDUGLVSRVLWLRQLQWKH5&VPDOODUFK
>@
2.3.  Aspects of the material properties 
,VVXHVUHODWLQJWKHFKHPLFDOSK\VLFDODQGPHFKDQLFDOSURSHUWLHVRIPDWHULDOVXVHGWRFRQVWUXFW WKHEXLOGLQJDUH
FUXFLDOLQWKHDVVHVVPHQWRIWKHVWUXFWXUDOVWUHQJWKDQGSUHGLFWLRQRIIXUWKHUVHUYLFHOLIHWLPHRIKLVWRULFDOEXLOGLQJV
HJ>@%DVHGRQWKHDQDO\VLVRIDUFKLYDOUHFRUGV>@DQGWKHOLWHUDWXUHHJ>@WKHUHFDQEHIRXQGSURSHUWLHVRI
VWHHO DQGFRQFUHWHXVHG LQ WKRVHKLVWRULFDO WLPHV+RZHYHUQRZDGD\V1'7RU VHPLGHVWUXFWLYHPHWKRGVDOORZ WR
LGHQWLI\DQGYHULI\WKHVHSURSHUWLHVZLWKKLJKDFFXUDF\DQGUHOLDELOLW\
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2.4. Aspects of the rebar design 
&DOFXODWLRQVDQGGUDZLQJVRIWKHUHLQIRUFHPHQWGLVWULEXWLRQ)LJIRUWKHORDGEHDULQJVWUXFWXUDOHOHPHQWVRIWKH
PDUNHWKDOOEXLOGLQJDUHDOVRLQFOXGHGLQWKHDUFKLYDOGRFXPHQWDWLRQ>@7KDWFDQDOVREHYHULILHGE\PDNLQJ1'7
H[DPLQDWLRQVRUYLVXDOLQVSHFWLRQ
2.5. Aspects of the former maintenance process 
7KHFRQVLGHUHGPDUNHWKDOOZDVEXLOWLQWKHILUVWGHFDGHRIWKHWZHQWLHWKFHQWXU\)LJDQGGXULQJRSHUDWLRQWLPH
LWZDVVXEMHFWHGWRDOONLQGVRIPLQRUUHIXUELVKPHQWSULPDULO\SHUWDLQLQJWRHOHPHQWVRIILQLVKLQJ\HDUV
7KHILUVWLPSRUWDQWVWUXFWXUDOLQWHUYHQWLRQWRRNSODFHDIWHU:RUOG:DU,,LQRUGHUWRUHSDLUVRPHPLQRUGDPDJHFDXVHG
E\ WKHZDU$ IUDJPHQW RI WKH URRIZDV UHFRQVWUXFWHG DQG D VHFWLRQRI WKH UHLQIRUFHG FRQFUHWH FHLOLQJ DERYH WKH
EDVHPHQWZDVUHSODFHGE\DVHJPHQWDOFHLOLQJRQVWHHOEHDPV
,WZDVRQO\LQDQGZKHQWKHH[SHUWUHSRUWVDQGWKHPRGHUQL]DWLRQGHVLJQZHUHSUHSDUHG,QWKH
SHULRGIURPWRWKHEXLOGLQJZDVVXEMHFWHGWRDPDMRUUHSDLU)LJ7KHVHZRUNVFHUWDLQO\KDGDSRVLWLYH
LPSDFWRQWKHFXUUHQWWHFKQLFDOFRQGLWLRQRIWKHEXLOGLQJ

)LJXUH9LHZRIWKHUHDUIDoDGHLQ
$3LOFKHU>@
)LJXUH9LHZRIWKHIURQWIDoDGHGXULQJUHSDLUZRUNV
LQ>@

(QYLURQPHQWDOFRQGLWLRQVRIWKHRSHUDWLRQDOOLIHRIWKHIDFLOLW\ZHUHGHFLVLYHIRUWKHODFNRIVHULRXVGDPDJH7KH
ZKROH UHLQIRUFHGFRQFUHWH VWUXFWXUHRI WKHPDUNHWKDOO LVSUDFWLFDOO\ ORFDWHG LQVLGH WKHEXLOGLQJDQG WKHUHIRUHZDV
SURWHFWHGDJDLQVWDOOHQYLURQPHQWDOLQIOXHQFHVWKDWKDYHDGHVWUXFWLYHLPSDFWRQWKHFRQFUHWH6PDOOORFDOGDPDJHVWR
WKHVWUXFWXUDOHOHPHQWVPLQRUFUDFNVVWDLQVHIIORUHVFHQFHVSDOOLQJRIFRQFUHWHFRYHUKRQH\FRPEVKRZHYHUGRQRW
WKUHDWHQWKHRYHUDOOUHOLDELOLW\RIWKHEXLOGLQJVWUXFWXUH
)LQDOUHPDUNV
7KH SUHVHQWHG KLVWRULFPDUNHW KDOO XQGRXEWHGO\ DQ RXWVWDQGLQJ H[DPSOH RI WKH XVH RI UHLQIRUFHG FRQFUHWH IRU
FRQVWUXFWLRQRIWKHSLRQHHULQJHQJLQHHULQJVWUXFWXUHVLQWKHEHJLQQLQJRIWKHWKFHQWXU\ZDVXVHGWRH[SODLQVRPH
RI WKH LPSRUWDQW LVVXHV WKDW KDYH WR EH WDNHQ LQWR FRQVLGHUDWLRQ LQ WKH SURFHVV RI GHVLJQLQJ UHIXUELVKPHQW DQG
GHYHORSLQJSURSHUPDLQWHQDQFHSURJUDPIRUKHULWDJHVWUXFWXUHV
%DVHGRQ WKHDQDO\VLVRI WKHSUHYLRXVXVH WLPHDQGFXUUHQW WHFKQLFDO VWDWH VXFKDSURJUDPVKRXOGDOVR LQFOXGH
DSUHGLFWLRQRIWKHGHYHORSPHQWRIH[LVWLQJRUFUHDWLRQRIQHZGDPDJHVDQGGHJUDGDWLRQRIWKHPDWHULDODVZHOODV
JXLGHOLQHVIRUUHSDLUDQGUHQRYDWLRQZRUNVLQRUGHUWRHQVXUHIXUWKHUVDIHRSHUDWLRQRIVXFKEXLOGLQJV)URPWKHSRLQW
RIYLHZRIWKHFRPSOHWHQHVVRIVXFKDSURJUDPDQGZLWKUHJDUGVWRDUFKLWHFWXUDOGHVLJQDQGFRQVHUYDWRU\UHTXLUHPHQWV
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LWVLQGLVSHQVDEOHHOHPHQWVVKRXOGERWKFRQVLGHUKLVWRULFDODQDO\VLVRIWKHGHVLJQDQGWKHFRQVWUXFWLRQRIVXFKEXLOGLQJV
DVZHOODVWKHHQWLUHFRXUVHRIWKHLUH[SORLWDWLRQ
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